We report a strategy to enhance the ionic mobility in an emerging class of gels, based on robust nanoporous silica micro-particles, by chemical functionalization of the silica surface. Two very different ionic liquids are used to fill the nano-pores of silica at varying pore filling factors, namely one aprotic imidazolium based (1-methyl-3-hexylimidazolium bis(trifluoromethanesulfonyl)imide, C 6 C 1 ImTFSI), and one protic ammonium based (diethylmethylammonium methanesulfonate, DEMAOMs) ionic liquid. Both these ionic liquids display higher ionic mobility when confined in functionalized silica as compared to untreated silica nano-pores, an improvement that is more pronounced at low pore filling factors (i.e. in the nano-sized pore domains) and observed in the whole temperature window investigated (i.e. from À10 to 140 1C). Solid-state NMR, diffusion NMR and dielectric spectroscopy concomitantly demonstrate this effect. The origin of this enhancement is explained in terms of weaker intermolecular interactions and a consequent flipped-ion effect at the silica interface strongly supported by 2D solidstate NMR experiments. The possibility to significantly enhance the ionic mobility by controlling the nature of surface interactions is extremely important in the field of materials science and highlights these structurally tunable gels as promising solid-like electrolytes for use in energy relevant devices.
Introduction
Ionic conduction, i.e. the motion of charged species within a solid or liquid material, is the basis of many important biological and chemical processes. 1 Understanding the mechanism by which ions move within a porous host structure, and in particular how this relates to the chemical surroundings, is not only pivotal to the design of new functional materials but also to further develop technologies with potential for a societal impact. In this field of materials science, an important challenge is achieving selective ion conduction to suit a specific application. Although several materials display high ionic conductivity in their liquid state, many energy relevant technologies require solid-state electrolytes. [2] [3] [4] The development of such materials is challenging since the incorporation of a liquid into a solid host material has the direct effect of reducing the ionic mobility 5, 6 and altering other physicochemical properties. 7 Strategies are therefore needed to minimize these effects. 8 The development of solid-state electrolytes is crucial for the PEM fuel cell, an electrochemical device that produces clean electricity and is as such highlighted in the context of creating a sustainable energy system. The archetypical PEM material is a perfluorinated polymer (e.g. Nafion) that typically displays very high conductivities at temperatures below 80 1C and at high hydration levels. Due to dehydration, however, this type of material is not suitable for the higher temperature range targeted for next-generation PEM fuel cell electrolytes, that is above 120 1C. This target on the other hand can be reached by ionic liquids, unique electrolytes, 9 which due to their low volatility can provide high ionic conductivities at elevated temperatures ‡ thus opening new frontiers in materials science. [11] [12] [13] To address this challenge, some efforts have been made to develop the concept of ionogels, materials that can be prepared from a one-pot sol-gel synthesis performed by reacting a silica precursor with a strong acid inside an ionic liquid. 4, [14] [15] [16] In these ionogels the liquid and the solid phases are intimately mixed but the ionic mobility drops rapidly with the silica content. 16 However, compared to more classical ionogels based on an organic polymeric network (for instance, poly(methyl methacrylate), PMMA) this drop is less pronounced. 17 Moreover, precedent studies have focused on a relatively low silica content (below 10 vol%) and a high ionic liquid loading, which result in transport properties very close to those observed in the bulk liquid. 18 Nevertheless, for practical applications another important property of the ionogel is the mechanical strength, which can be improved with a higher silica content at the expense, however, of a more pronounced loss in ionic mobility.
We have recently demonstrated that the mobility loss in silica-supported ionogels can be reduced by using a new type of silica as the solid bearing structure, i.e. nanoporous silica micro-particles specifically designed to withstand extremely high pressures. 19 Diffusion NMR experiments have revealed that compared to the previous (sol-gel derived) ionogels, in these gels the mobility loss due to confinement is significantly reduced from 58% to 25% of the bulk value. 20 We have also verified by detailed spectroscopic studies including nuclear magnetic resonance (NMR), Raman and infrared, that the origin of this loss is related to surface interactions established at the ionic liquid/silica interface, i.e. at the pore walls. Manipulating the surface chemistry of silica is therefore a valuable approach in the attempt to further reduce the drop in ionic mobility and to keep liquid-like transport properties even in the solid state. One effort in this direction has been reported by Iacob and co-workers, 11 who have indeed observed an increase in the self-diffusion of the aprotic ionic liquid 1-hexyl-3-methylimidazolium hexafluorophosphate (C 6 C 1 ImPF 6 ) when immobilized in silanized silica nano-pores (pore size of 7.5 nm) as compared to untreated nano-pores. These pores, however, were poorly connected due to an average pore-to-pore distance in the order of 50 nm. The same authors later reported an increase in mobility by two orders of magnitude for the ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate (C 4 C 1 ImBF 4 ) when confined in silica nano-pores with diameters varying between 7.5 and 10.4 nm. 21 This effect was explained by density changes in the nano-sized domains, but was observed only at very low temperatures (at about À90 1C), not at focus for technological applications. Surprisingly, the possibility that an altered phase behavior due to nano-confinement (for example, a change in the ionic liquid's T g ) could be at the origin of this enhancement was not discussed. Functionalization of silica has also been proposed to immobilize the negatively charged species of the ionic liquid and thus increase the lithium transference number to target applications in Li-ion batteries. 22 In this contribution we present a new type of ion-conducting gel that builds upon recent results obtained with nanoporous silica micro-particles filled with an ionic liquid, where the silica structure is designed to provide extremely well-connected nanopores, very good mechanical properties, and a high surface area. 20 We here demonstrate by different experimental techniques that the ionic mobility is significantly enhanced by chemical functionalization of the silica surface, and we also present a molecular level explanation based on a flipped-ion effect. By validating these results for two very different ionic liquids, one protic short-chained and one aprotic long-chained, we demonstrate that the positive effect on ionic mobility is of general validity. We underline that this material concept, based on micro-sized silica particles with an internal extended porosity on the nanometer scale and good resistance to high pressures, is of fundamental as well as of technological interest. More precisely, these ionogels are of the highest relevance for applications where solid-state electrolytes are desirable, such as Li-ion batteries and PEM fuel cells.
Experimental section

Materials
The ionic liquids diethyl-methyl-ammonium methanesulfonate (DEMAOMs) and 1-methyl-3-hexylimidazolium bis(trifluoromethanesulfonyl)imide (C 6 C 1 ImTFSI) were purchased from IOLITEC and kept in the inert atmosphere of an argon filled glove box before usage. The molecular structure and the proton labeling of DEMAOMs and C 6 C 1 ImTFSI, as well as a cartoon of a functionalized silica surface, are shown in Fig. 1 . 1D 13 C and 1 H NMR spectra of the two ionic liquids are given in Fig. S1 (ESI †).
Preparation of the silica gels
The nanoporous silica micro-particles, with an average particle size of 13 mm and an average pore diameter of 10 nm, were prepared via an ''Emulsion Solvent Evaporation'' method as described in more detail elsewhere. 19 A SEM image of this kind of particle has already been provided by us in ref. 20 . Then, calculated amounts of nanoporous silica and DEMAOMs or 
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Phys. Chem. Chem. Phys., 2017, 19, 5727--5736 | 5729 C 6 C 1 ImTFSI were dissolved in 3 mL of ethanol (see Table S1 in the ESI †). These mixtures were stirred for 1 hour, and then kept aside for 1-2 hours to let the ethanol evaporate. These silica gels were then dried at 80 1C for 24 hours to remove the remaining traces of ethanol and were then sealed in glass vials or NMR tubes for further characterization. The complete elimination of ethanol was routinely verified by NMR spectroscopy and only spectroscopically neat gels were considered for further characterization. The different ionic liquid-to-silica ratios are represented by either fSiO 2 , the volume fraction of silica, or the pore filling factor (given in %), that is the portion of the total available pore volume actually filled by the ionic liquid. Accordingly, when the pore filling factor is higher than 100%, the ionic liquid is assumed to completely fill the pores and also the inter-particle space.
Raman spectroscopy
Raman spectra were collected with a Renishaw InVia Reflex Raman spectrometer equipped with a CCD detector and using the 785 nm wavelength from a near infrared diode laser for the excitation. The nominal spectral resolution achieved using this monochromatic light and a 1200 lines per mm grating was better than 1 cm À1 . When collecting Raman spectra the laser power was chosen to be 100 or 50% of its maximum value, which is 300 mW at the source. The Raman spectra of the pure ionic liquids and the silica/ionic liquid gels were collected at room temperature with an acquisition time of 10 seconds and averaged over 5 accumulations.
Solid-state NMR
One-dimensional (1D) 1 
, where I is the signal intensity, I 0 is the signal intensity of spin-echo at zero gradient, G is the gradient strength, d is the length of the gradient pulse, and D is the diffusion time.
Impedance spectroscopy
The temperature dependence of the ionic conductivity was determined by dielectric spectroscopy using a Novocontrol broadband dielectric spectrometer in the frequency range 10 À2 -10
7 Hz. The sample was placed between two stainless steel electrodes with a Teflon spacer (with a diameter of 13.3 mm and a thickness of 1.1 mm) and loaded into a cryo-furnace. Data were collected in steps of 10 1C in three ramp intervals: from 25 to À5 1C, from À40 to 140 1C and from 135 to 25 1C, respectively. The temperature equilibration time was set to 10 minutes. The dc conductivity was extracted from the plateau in the frequency dependent conductivity plot.
3 Results and discussion
Chemistry of nanoporous silica micro-particles: solid-state NMR spectroscopy
The nanoporous silica micro-particles were either used as untreated, thus kept hydrophilic, or functionalized with butyl groups, namely with tributylsilyl (TBS) to generate hydrophobic surfaces. With this functionalization the contribution from van der Waals interactions is expected to enhance, as opposed to hydrophilic silica in which Coulombic forces or H-bonding dominate. The 1D 1 H, 13 C and 29 Si NMR spectra of the untreated and functionalized silica particles confirm that the functionalization by TBS groups was successful, Fig. 2(a-c) . [23] [24] [25] [26] This is further confirmed by the absence in functionalized silica of the intense and sharp H 2 O peak at 3.6 ppm, reflecting its hydrophobicity and resilience to adsorb water molecules. Si species (where n indicates the number of bridging oxygen atoms per Si atom and varies from 0 to 4) shifts to a majority of Q 4 species in functionalized silica, in agreement with the fact that each anchored TBS group brings along an additional Q 4 species (see also the cartoon in Fig. 2b ). By a more detailed peak fit analysis of the 29 Si MAS NMR spectra using the Dmfit program, 28 functionalized. In addition, although the TBS chains anchored to the silica surface should be flexible by nature, the width of the 13 C NMR features in Fig. 2b indicates the occurrence of non-negligible 13 C-1 H heteronuclear dipolar interactions.
Ionic mobility in the bulk and confined states
The core of this study is to investigate the effect of surface functionalization on the ionic mobility. To achieve a thorough insight into the mechanism of ionic motion we have therefore employed different complementary techniques, namely: solidstate NMR spectroscopy at different spinning rates to analyze line narrowing effects, diffusion NMR to estimate the selfdiffusion coefficient of the ionic species, and dielectric spectroscopy to investigate the temperature dependence of the ionic conductivity. Hence the behavior of the ionic liquid while confined in nanoporous silica is compared to that of the bulk state, as discussed in the following sections. Line narrowing effects. It is well known that the line width in 1 H NMR spectra reflects the mobility of the probed molecular species, 20, 29 and in general narrower lines indicate a greater mobility as a result of weaker dipole-dipole interactions. 30 The strength of these interactions can be probed by varying the magic angle spinning (MAS) rate in solid-state NMR experiments, but cannot be averaged out in solid-like materials under static conditions. The 1 H solid-state NMR spectra collected for different gels (at fSiO 2 = 0.68) and at different spinning rates are shown in Fig. 3 . For both ionic liquids the lines become narrower for higher spinning rates, as expected, but these are systematically narrower when the ionic liquid is confined in functionalized silica particles. § In addition, the 1 H resonances of the ionic liquid are always narrower than those of the TBS groups confirming once again that the butyl groups are anchored and stiff, while the ionic liquid molecules are relatively mobile despite the confined state. Self-diffusion. The self-diffusion coefficients of the ionic liquids' cation, i.e. DEMA + and C 6 C 1 Im + , obtained from PFG NMR experiments at room temperature are shown in Fig. 4 as a function of the silica content, fSiO 2 . As expected, the selfdiffusion coefficient decreases with fSiO 2 , that is with a higher degree of confinement. 16, 20 For the ionic liquid C 6 C 1 ImTFSI, we observe that the decrease in self-diffusion is less pronounced in this type of gel than in the gels prepared via the sol-gel route H} CPMAS (c) NMR spectra of functionalized (black) and untreated (red) nanoporous silica. These spectra were collected on a 600 MHz Varian solid-state NMR spectrometer at a MAS rate of 10 kHz. § The FWHM is 3 to 4 times narrower than that of untreated silica, e.g. 20 this improvement is partly explained by the lower surface area provided by these nanoporous silica micro-particles and thus to a lesser contribution from surface interactions. It is also worth noting that the self-diffusion coefficients are systematically higher when the ionic liquid is confined in functionalized silica as compared to untreated silica, in agreement with the line narrowing effects discussed above, and in line with the hypothesis of weaker surface interactions when van der Waals forces dominate. Another interesting observation is that compared to the bulk diffusion value (see fSiO 2 = 0), the decrease in mobility with fSiO 2 is less pronounced for DEMAOMs than for C 6 C 1 ImTFSI. More precisely, the maximum loss measured for DEMAOMs in functionalized silica is 46% of the bulk value ( Fig. 4b) , whereas for C 6 C 1 ImTFSI, it is closer to 67% (Fig. 4a) . This difference may arise from the ion size effect (DEMA + o C 6 C 1 Im + and OMs À o TFSI À ) that predicts a more pronounced 'restricted diffusion' when the molecular-to-pore radius ratio exceeds 0.1. 31 The magnitude of the mobility drop that we report is comparable with that recently reported by Hazelbaker et al., 32 who have observed a reduction by a factor of two for the self-diffusion of an imidazolium ionic liquid confined in mesoporous silica with pores larger than 5 nm. Apart from the extreme points investigated, i.e. fSiO 2 = 0.68 that corresponds to the surface bound ionic liquid and fSiO 2 = 0.0 that corresponds to the bulk ionic liquid, the intermediate points represent averaged self-diffusion values that include both these cases. The consistently higher values in functionalized silica throughout the investigated range may indicate a facilitated exchange between surface bound and bulk ionic liquid molecules as compared to the case of non-functionalized silica.
Ionic conductivity. The ionic conductivity, s, of DEMAOMs and C 6 C 1 ImTFSI in the bulk state and when immobilized in functionalized silica has been investigated as a function of temperature by dielectric spectroscopy, Fig. 5a and b. Both ionic liquids reveal a Vogel-Fulcher-Tammann (VFT) dependence between À10 and 140 1C (see solid lines, i.e. the fit to the experimental data), which suggests a charge transport mechanism strongly associated with the molecular dynamics, i.e. a vehicular mechanism. This behavior typically occurs in bulk ionic liquids and has also been observed in some ionic liquid-based organic and inorganic gels. 4, 11, 18, [33] [34] [35] The VFT behavior is also observed in our gels, for both silica concentrations investigated, which correspond to values of fSiO 2 equal to 0.21 and 0.35 or a pore filling factor equal to 200% and 100%. As expected, a decrease in conductivity is observed with an increasing volume fraction of silica (or a decreasing pore filling factor). However, to eliminate concentration effects it is more rigorous to discuss the dependence of the molar conductivity L m , which is defined as L m = s/c (where c has the units of mol cm À3 ) and directly relates to the self-diffusion through the
The molar conductivities so found are shown in the inset plots of Fig. 5a and b (note the logarithmic scale on the y-axis) and reveal a strong dependence on the pore filling factor when the ionic liquids are confined in untreated silica. By contrast, and in agreement with the results obtained from solid-state and diffusion NMR, the molar conductivity has a much weaker dependence on the pore filling factor in functionalized silica. Strikingly, in this case an enhancement in conductivity of one order of magnitude is observed for the 100% filled gels, for both the protic and aprotic ionic liquids, indicating that surface functionalization is the main origin of this effect. As opposed to previously reported results, 21 this enhancement is observed in the whole temperature range investigated (from À10 to 140 1C), and is not limited to very low temperatures that are not of technological interest. However, while the conductivity of C 6 C 1 ImTFSI shows similar temperature dependences in the bulk and in the nano-confined state, the conductivity of DEMAOMs in the gel state shows a deviation from the bulk values upon heating. The ionic conductivity being lower than expected by the VFT behavior is most likely due to poor thermal stability of this specific protic ionic liquid. In this respect, we have recently reported a thermal decomposition for pure DEMAOMs where dehydration precedes the back transfer of the protons from DEMA + to OMs À with the consequent evaporation of neutral amine species. 36 As shown in Fig. 5b , the conductivity in functionalized silica deviates from the expected VFT behavior above B85 1C (or below 1000/T = 2.8), which is also the temperature for a first mass loss phenomenon detected by TGA for the corresponding gel (Fig. S2, ESI †) . 36 This observation suggests that for the specific need of hightemperature applications, e.g. in next-generation fuel cells operating above 120 1C, a protic ionic liquid more thermally stable than DEMAOMs should be selected. By contrast, the TGA results of the gels containing C 6 C 1 ImTFSI show a thermal stability extending to above 300 1C. The observation of a similar thermal stability for ionic liquids in the bulk and the nanoconfined state is in agreement with the findings reported in other previous studies focused on nanoporous silica with pore sizes equal to or larger than 10 nm. 7 Another interesting aspect of the materials presented in this study is that due to the extremely high and well-connected porosity of the silica particles non-flowing gels can be obtained even at a very high ionic liquid loading, thus securing high ionic conductivity. This is shown in Fig. 6 , in which the ionic conductivity displayed by several gel-state electrolytes is compared with that of the bulk liquid analogues. This figure reveals that the difference in conductivity observed between the bulk C 6 C 1 ImTFSI and its (non-flowing) gel based on 200% pore filling is very small and, to the best of our knowledge, the , and in the gel state when confined in functionalized silica (black and gray). Ionogels with a pore filling factor equal to 200% (i.e. fSiO 2 = 0.21) and 100% (i.e. fSiO 2 = 0.35) are represented by black and gray symbols, respectively. Inset: Molar conductivity (i.e. the conductivity normalized to the volume fraction actually occupied by the ionic liquid in the gel) estimated from conductivity data at 60 1C (i.e. at 1000/T C 3.0) as a function of the pore filling factor for ionogels based on untreated (red/pink) and functionalized (black/gray) silica. The data points for the bulk ionic liquids are shown as a pore filling factor equal to 1000 (instead of infinity) for an easier visualization of the trends. Solid lines in the inset figures are a guide for the eye. Fig. 6 Comparative plot with the ionic conductivity displayed by various ionic liquids in the bulk (hexagons) and the gel (circles) state: 1-ethyl-3-methylimidazolium-BF 4 in SPAEK, 37 1-butyl-3-methylimidazolium-BF 4 in SPEEK, 38 ethylimidazolium-TFSI in PVdF, 35 1-butyl-3-methylimidazolium-TFSI in PMMA, 39 and 1-hexyl-3-methylimidazolium-TFSI in nanoporous silica micro-particles (this work, 200% pore filling). The drop in conductivity observed from the bulk to the gel state is represented, when data are available, by a vertical arrow. smallest when compared to other reported ionic liquid based gel systems (compare vertical arrows). 35, [37] [38] [39] To summarize, solid-state NMR, diffusion NMR and dielectric experiments all confirm that surface functionalization results in a significant enhancement of the ionic mobility for the ionic liquid confined in a nano-sized domain. Most importantly, this is true for both an imidazolium aprotic ionic liquid such as C 6 C 1 ImTFSI and an ammonium protic ionic liquid like DEMAOMs, which points to the general validity of this enhancement effect. With respect to previous results already reported on the subject, our materials also provide an excellent pore connectivity as well as a mobility enhancement at all temperatures investigated, extending to well above 120 1C, the target for future fuel cell devices.
Surface interactions and flipped-ion effect
To achieve a molecular level understanding of the origin of enhanced mobility upon functionalization, we have investigated the nature of intermolecular interactions as well as the molecular orientation at the silica interface. The latter has been monitored by 2D solid-state 29 Si or 13 C sites can be probed. To emphasize surface effects these experiments were performed solely for silica gels with fSiO 2 = 0.68, for which only one layer of ionic liquid is adsorbed onto the silica surface, Fig. 7 . 20 The 2D patterns obtained for the gels filled with C 6 C 1 ImTFSI (Fig. 7a) and DEMAOMs (Fig. 7b) liquid. However, while in untreated silica the correlation clearly involves the NH group for DEMAOMs and the ring protons for C 6 C 1 ImTFSI, in agreement with the results reported in recent studies, 16, 20 in functionalized silica, the correlation peaks are shifted to mainly involve the alkyl chains. These 2D patterns thus reveal that in functionalized silica the alkyl groups of DEMA + and C 6 C 1 Im + are in molecular proximity to the TBS units and the cations are flipped around compared to the case of untreated silica, see cartoons in Fig. 7c and d . Unfortunately, the peaks in the 1-3 ppm range are too close to make a conclusion about the position of the OMs anion. The successful inclusion of the ionic liquid inside the nano-pores of silica, as well as its molecular orientation at the silica interface, has been further confirmed by complementary 13 C{ 1 H} HETCOR NMR experiments, the results of these being shown in Fig. S3 (ESI †) . Interestingly, in the presence of the ionic liquid the 13 C peak resonating at 10 ppm and labeled as C b splits into two signatures C b1 and C b2 resonating at 10 and 12 ppm, respectively (Fig. S3a, ESI †) , suggesting that the proximity of C 6 C 1 ImTFSI to the silica surface in turn also modifies the local environment of the TBS groups.
Further insights into the effect of nano-confinement and functionalization on the intermolecular interactions have been achieved by Raman spectroscopy. In particular, the state of the anion has been investigated analyzing the frequency range where interaction sensitive vibrations are found. More precisely, the expansion-contraction mode of the TFSI anion at C742 cm À1 is observed to shift to higher frequencies when C 6 C 1 ImTFSI is confined in untreated silica, with a major change when the pore filling is lower than 50% (or fSiO 2 4 0.52), inset of Fig. 8 . This reflects TFSI anions that experience stronger interactions or, as proposed by Coasne et al., 40 an increased local ionic density. Concomitantly, the population of cisoid (or C 1 ) conformers increases with fSiO 2 , Fig. 8 , in accordance with our previous findings. 15, 16 By contrast, in functionalized silica both the vibrational mode at E742 cm
À1
and the conformational population remain close to the bulk values. The Raman signature of the OMs anion at about 1040 cm À1 increases in frequency with fSiO 2 in a similar manner in both functionalized and untreated silica, 20 Fig . S4 (ESI †). Thus, the results shown in Fig. 7 and 8 reveal that while both the DEMA and C 6 C 1 Im cations are flipped around at the solid interface in functionalized silica, the OMs anion, as opposed to TFSI, remains almost unaffected by this re-orientation. This may be explained by the stronger and more specific cationanion interactions established in DEMAOMs 36 as opposed to the case of C 6 C 1 ImTFSI and, as mentioned above, by the smaller ionic size of DEMA + and OMs À . 41 Additional structural information is obtained from DSC experiments, which show an altered phase behavior of the ionic liquids upon nano-confinement. In particular, the crystallization upon cooling and thus the subsequent melting upon heating are suppressed in 100% filled gels, i.e. when the liquid is constrained in nano-sized domains. Moreover while DEMAOMs displays glass transition temperatures (T g ) below À95 1C (and thus not detectable under our accessible experimental conditions), C 6 C 1 ImTFSI reveals T g values around À84 1C slightly depending on the composition and with a tendency to lower values for higher degrees of confinement, Fig. S5 (ESI †) . A decrease of T g upon confinement in nanoporous silica was also observed by Singh et al. 42 for the ionic liquid 1-butyl-3-methylimidazolium octyl sulfate (BMIM-OcSO 4 ), and explained by a complex wall-ionic liquid interaction by which the density at the silica surface is expected to increase and the density in the center of the pores to decrease. The resulting decrease in T g , however, is limited to only a few degree Celsius, in accordance with what we observe in this work.
Conclusions
This work presents the performance of a new type of ionconducting material based on specially designed nanoporous silica micro-particles subsequently filled by an ionic liquid. We demonstrate that the chemical surface functionalization of the silica pore walls by tributylsilyl groups has the effect of enhancing the overall ionic mobility of the ionic liquid residing in the nano-sized pores. This enhancement is demonstrated for two very different ionic liquids, one protic ammonium based and representative of next-generation electrolytes for PEM fuel cells, and one aprotic imidazolium based, a typical electrolyte highlighted for use in future safer Li-ion batteries. By combining the results of several complementary techniques we propose a molecular level mechanism for the enhanced ionic mobility, which is based on decreased ionic liquid-silica interactions and a concomitant flipped-ion effect at the silica interface. The mobility enhancement is particularly evident at high silica volume fractions (that is for pore filling factors below 100%, Fig. 8 Raman spectra of pure C 6 C 1 ImTFSI in the bulk state (green) and when confined in functionalized (black) and untreated (red) silica. The conformational sensitive range 240-500 cm À1 is here at focus. Inset:
Raman shift for the expansion-contraction mode of the TFSI as a function of pore filling factor in untreated (red) and functionalized (black) silica.
